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Data Sources and Creation
To study the relationship between passenger transport use, income and prices, it is necessary to gather statistical information on travel and the prices of travelling or energy sources associated with the different modes. This section offers a summary of the sources and methods used to produce annual estimates of prices (or costs) and use of horse drawn transport (1850-1924), railways (1850-2010), buses (1904-2010) and cars in Great Britain and then, from the 1920s, the United Kingdom -more detail can be found in Fouquet (2008) .
For horse-drawn transport, Chartres & Trunbull (1983 p.71 ) presented estimates of passenger miles per week for a number of years between 1715 and 1840. Thompson (1976) offered detailed estimates of the number of horses associated with different activities (stagecoaches, carriage, riding, as well as farm and trade), during the nineteenth and early twentieth century, and particularly from 1851. These can be linked to the 1840 estimate by Chartres and Turnbull (1983 p.71) to estimate the average number of passenger kilometres per horse used.
With this average, the number of horses used for transport can be used for calculating the millions or billions of passenger-kilometres (bpk) from 1851 and 1924. While this was a rough estimate, in the second half of the nineteenth century, horse transport was dwarfed by railways use.
For prices, Jackman (1960) collected considerable information on the cost of stage coach travel in the eighteenth and nineteenth centuries. When these were divided by the distance for particular stage coach journeys, they produced estimates of the price per passenger-kilometre.
From estimates of several of the main journeys in England, an average price was estimated.
For railway use, Hawke (1970 p.47 ) offered data on millions of passenger miles and millions of journeys travelled between 1840 and 1870 . Mitchell (1988 ) also presented data on millions of journeys travelled annually from 1842 until 1913. Thus, to calculate passenger-kilometres after 1870, it was necessary to have estimates of the distance travelled during an average journey. Munby (1978 pp.106-7) gave estimates of billions of passenger-kilometres and the average length of train journeys between 1920 and 1970. So, the gap was only between 1870 and 1920 . Surprisingly, the calculation of the average length of a railway journey in 1870 (from Hawke 1970 ) and in 1920 (from Munby 1978 are virtually identical, and the distance travelled on the average railway journey was assumed to have remained nearly constant over those fifty years. Mitchell's (1988) passenger journey data was multiplied by the average length of journeys to estimate passenger transport in billions of passenger-kilometres (bpk) between 1870 and 1913 . To complement Munby (1978 ), from 1938 to 2010 , DoT (2002 and DfT (2011) presented direct estimates of passenger-km.
These can then also be used to estimate the price of railway passenger services. Mitchell (1988 p.545) has railway passenger receipts (in £m) between 1843 and 1980. These figures can be divided by estimates of total passenger-km travelled (discussed above) to suggest the cost per passenger-km of using railways up to 1913 . Munby (1978 has direct estimates of the price (in old pence per km) from 1920 to 1970 . Between 1970 and 1980 receipts were again divided by passenger-km. DoT (2002) and DfT (2011) had estimates of the price between 1991 and 2010. An inability to find values during the 1980s led to interpolation.
For twentieth century road travel, DoT (2002) and DfT (2010) presented data on passenger travel (e.g., buses, cars, motorcycles, etc…) between 1952 and 2010. Before the early 1950s, data needed to be pulled together. Mitchell (1988 pp.557-8) had information on the number of cars and other vehicles between 1904 and 1980. Car passenger travel per vehicle was calculated for 1952 -16,000 km per car per year. Before these years, assumptions were made about the trend in average travel per vehicle: for cars, an annual 2% decrease in the average travel per car ratio each year before 1952 -based on the idea that there were fewer roads and people travelled less per year than they did in the 1950s. This assumed trend in average distance per vehicle (back to the beginning of the century) was multiplied by Mitchell's (1988 pp.557-8) numbers of vehicles to produce an estimate of the bpk (billions of passenger kilometres) back to 1904. Given that the number of buses was also available, a similar method was used to quantify bpk used related to public transport vehicles (Fouquet 2008) .
Passenger road transport 'prices' are more complex in the second-half of the twentieth century. Rather than identifying the cost of buying a train or bus ticket, as more travellers used their own cars, a number of different expenditures were involved. At least three costs can be identified: the fuel costs, all marginal costs and annualized total costs. Table 1 The price of driving a car one kilometre was estimated by dividing passenger fuel expenditure (in million tonnes of oil equivalent (mtoe)) by distance travelled (in bpk). Until the 1930s, motor spirit (i.e., gasoline) was the main petroleum product for road vehicles. Then, diesel (that is, 'derv') began to be used by goods vehicles and buses. Cars used exclusively motor spirit until the 1980s, when diesel started to take a small market share. Thus, it was necessary to identify the share of motor spirit and diesel consumed for passenger services. The rest of road transport diesel (also found in DTI 1997 , 2001 , MoP 1961 and King 1952 p.551) was assumed to be for freight. Thus, consumption of motor spirit and derv for passenger road transport were estimated between 1910 and 2000. DTI (1997 DTI ( , 2001 DTI ( , 2011 presented the price of motor spirit and diesel back to 1954. The Institute of Petroleum (1994) had data on the price of motor spirit from 1902 to 1953. The prices were multiplied to the consumption estimates to calculate the fuel expenditure of passenger road transport. Dividing fuel expenditure by distance enabled an estimate of fuel costs of road transport services in pence per passenger-km. All prices for transport service were converted into real terms using the data available in Allen (2007) .
Trends in Transport Prices and Use
Passenger transport in Britain experienced a series of revolutions that radically altered the ability to travel. First, from the mid-seventeenth century, the introduction of turnpikes, managed roads that travellers paid to use, enabled an improved road network. Then, from the 1770s, stage coach journeys became better managed and faster -by 1830, average trips took one-fifth of the time they took in the 1770s (Bagwell 1974) . Between 1775 and 1815, passenger travel increased from 0.05 billion passenger-km (bpk) to 3 bpk -a sixty-fold increase in fifty years (Chartres and Turnbull 1983) .
Then, harnessing the power of steam by heating fuels revolutionised the economy and society.
It, first, provided stationary power to remove water from coal mines and to spin cotton, then, as directed power, enabled transport along railways (and for ships). The introduction of steam engines to rail in the first half of the nineteenth century meant that coal rather than horses could power the carriage of people and goods. In Britain, coal was cheap (see Figure 1 ) and entrepreneurs were willing to build railways that would eventually form a vast networkincreasing sixteen-fold in the 1830s, and then another four times in the 1840s, it expanded from around 150 km in 1830 to nearly 10,000 km in 1850 and then to 30,000 km by 1900 (Mitchell 1988 p.541).
For the wealthy and middle classes, the railway was a superior way to travel medium and longer distances. In addition to the relative improvement in comfort, per passenger-km, in the 1830s and early 1840s, stage-coach travel cost more than 70 pence (2000 prices) and the railways around 30 pence (Fouquet 2008 p.163 ). It appears, however, that coach companies, fearing competition from railways and having invested in equipment and horses, drove up their prices in the 1820s (Hart 1960) . Inevitably, this strategy accelerated the transition to railways. This meant that the average price of transport fell greatly during the 1830s and 1840s (see Figure 2) . Railway use increased nearly five-fold in the 1840s to 1.5 billion passenger-km (see Figure 3) . For shorter distances, including to the railway station, horses were still needed. So, transport more generally increased to an estimated 5 billion passengerkm in 1850.
A number of factors were driving the consumption in transport services in the second half of the nineteenth century. Income levels increased substantially -more than doubling in the second-half of the nineteenth century (see Figure 4) . More efficient steam engines in the 1860s and 1870s helped. In 1840, one tonne of coal could achieve 1,700 passenger-km; by 1870, it could move more than 3,000 passenger-km; and 3,400 passenger-km in 1900 (Fouquet 2008 p.165-6) . Although important, fuel costs were a relatively small share of the price of transport -falling from over four pence to under two pence per passenger-km, which amounted to about one-tenth of the price (see Figure 2) . Better management enabled travel prices to fall. For instance, by 1842, the railway network had become commercially integrated, allowing customers to buy one ticket for connecting journeys. Also, speed of travel increased and comfort improved (Leunig 2006) . Furthermore, in the latter part of the nineteenth century, owners began to appreciate, with governmental pressure, that third-class customers were a large potential market. Selling cheap tickets allowed a large proportion of the population, whose only other option was walking (or possibly riding on a slow wagon), to travel more and save time, opening-up many opportunities (Leunig 2006 p.651). The railways, which started as an improvement on the stagecoach for the wealthy, became a new service for the masses, transforming the nature of mobility and society. Consequently, passenger transport increased from 5 bpk in 1850 to nearly 30 bpk in 1900 -with railways providing 63% of the services (see Figure 3) .
Interestingly, since the distance travelled during the average train journey appears to have remained constant between 1870 and 1920 (see Section 3), the growth may have been associated only with an increase in the number of journeys travelled. Alternatively, there may have been far more shorter (e.g., intra-urban) and longer (e.g., inter-city) journeys, and they happened to have cancelled each other out, leaving the average distance of a journey unchanged.
The next transition was the result of the introduction and development of the internal combustion engine. Despite the greater cost per unit of energy (see Figure 2) , petroleum derivatives, such as gasoline or motor spirit and diesel or derv, became the dominant energy sources for the internal combustion engine, and eventually transportation.
For the middle and lower classes, the bus offered a cheap and more flexible public transport service than horses for shorter journeys, and improved connections between train stations (Bagwell 1974 p.224) . Despite competition from the incumbent tramways in many of the larger cities, their use increased spectacularly in the first-quarter of the twentieth century.
Thus, in the second-half of the twentieth century, mobility increased considerably and all the growth in passenger transport was in the use of private cars rather than buses or railways.
To summarize the long run trends in land transport, the estimated average price of passenger 
Income and Price Elasticities, and Rebound Effects
This section presents some estimates of the influence of income and prices on transport use, Given the trended nature of the data (see Figures 2, 3 and 4) and the tendency for long run transport use (or energy related to transport), GDP and travel costs to be cointegrated (Bentzen 1994 , Fouquet 1997 , Ramanathan 1999 , the possibility of using vector errorcorrecting models (VECM) was explored. From a statistical perspective, such models were appropriate.
First, for the long run trends in transport consumption, GDP per capita and the price of transport, non-stationarity could not be rejected. In addition to the standard tests for unit roots, an augmented Dickey-Fuller test where the time series is transformed via a generalized least squares (GLS) regression was used to improve the power of the test (Elliott, Rothenberg and Stock 1996) . Here, for up to 15 lags, and incorporating the assumption of a time trend, the tau-statistics could not reject at the 10% confidence level. Thus, unit roots (i.e. nonstationarity) were likely.
Second, the causal relationship between transport consumption and per capita GDP was examined. The results suggest unidirectional causality from per capita GDP to transport use.
As expected, GDP per capita was not influenced by either transport use or prices, as transport has been only a small component of economic activity (generally less than 8% of GDP).
Although still significant, as will be shown by certain elasticity estimates, the causality test indicated that prices were less of a powerful explanatory variable of transport consumption.
The results indicate that, in the second-half of the nineteenth century, consumption may have also influenced prices -perhaps reflecting the importance of economies of scale in driving down early railway costs. While this raised a simultaneity problem, for this exercise, it was assumed that causality was unidirectional from prices to consumption for the whole period. These VECM were, therefore, used to estimate the evolution of income and price elasticities.
The approach was to estimate elasticities for fifty year periods moving through time. For example, the income and price elasticities were estimated for the period 1850-1899, then 1851-1900, and so on until 1961-2010. Then, the elasticity for any particular year would be the moving average (i.e., the average of all elasticities estimated where that year was included). For example, for the moving average around the year 1950, fifty income elasticity estimates were produced (for the periods 1900-1950, 1901-1951, and so on until 1950-2000) and the average of all these estimates was equal to 0.91. Estimated in the same way, the average price elasticity around 1950 was -0.72.
Inevitably, for some periods, the results were either not as expected or the possibility of no cointegrated relationship could not be rejected. In particular, the period broadly between 1850 and 1869 produced unexpected price elasticities and the absence of cointegrating relationships could not be rejected. Most of the price elasticities were positive and large. In the absence of a satisfactory explanation, these estimates were excluded from the calculation of the average scholars encouraged this line of research, although offered caution about the methods. Naturally, the author of this paper is solely responsible for the choices made and the limitations of the methods used.
estimates. Consequently, for the years 1850-1869 less than five estimates for price elasticity were available and no average was calculated. Nevertheless, the majority of estimates produced standard signs and sizes -income elasticity estimates were used for 97% of the moving averages over the 160 years and, between 1870 and 2010, price elasticity estimates for 93% of the moving averages. Figure 5 presents the trends. It shows the clear the decline (in absolute terms) of both income and price elasticities. In the third quarter of the nineteenth century, they were at their highest, falling in several waves, the first, in the final quarter of the century, then, in the early 1900s, and, finally, from the 1920s until the end of the century, a gradual decline for land transport.
It is worth noting first, however, that consumption associated with horse-drawn carriage in the late eighteenth and early nineteenth centuries had increased 60-fold in fifty years (Chartres and Turnbull 1983) . In the last quarter of the eighteenth century, average income grew 30%, travel prices fell around 25% and journey speeds increased up to 80%. Thus, although there is a lack of annual data, it indicates spectacular sensitivity to changes in availability, prices, quality of service and income levels. So, we can conclude that income (and other variable) elasticities were very high, especially in the late 1700s.
In the 1850s, income elasticity was also very high -a 10% increase in income led to a 31% increase in travel (see Table 2 ). The creation and expansion of the railway network allowed the upper and growing middle classes to travel more. This expansion coincided with the rise in average income levels during the mid-nineteenth century. Transport services were a key household expenditure. During the second-half of the nineteenth century, expenditure as a proportion of GDP increased from 6% to 7% (Fouquet 2008 p.271) . At the time, households were spending three times more on travelling than on heating their homes and six times more than on lighting their homes.
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The growth in average income throughout the nineteenth century, as well as the decline in prices, made railways accessible not only to upper and middle classes, but also working classes. Fouquet and Pearson (2012) , commenting about lighting demand, proposed that below certain levels of accessibility, the energy service only provides a basic level of service.
However, beyond a threshold, the service can help to meet many other demands -in relation to work and to leisure, thus, transforming lives.
For instance, the expansion of the railways coincided with increased urbanisation. As populations moved to urban centres from the beginning of the nineteenth century, they were closer to transport nodes, thus, more able to take advantage of transport services. Later, in the second-half of the nineteenth century, the expansion of suburbia was driven by the growth in suburban railway services. From the 1840s, upper and upper-middle class households had sought to move away from the crime, sewage and smoke, and the expansion of urban railway networks enabled them to move to the suburbs (Luckin 2000) . The introduction of the Cheap
Trains Act of 1883 and a rapid expansion of suburban housing in the 1890s offered an opportunity for lower-middle class families to live in the suburbs and commute into the city (Jackson 2003 , Burnett 1986 ). The urbanised area of London increased five-fold between 1841 and 1901 (Demographia 2011) . Thus, transport changed people´s lifestyles, which, in turn, required higher levels of transport services to be sustained.
While transport services were still a "luxury", by the early 1900s, income elasticity of transport demand fell dramatically. It fell from an average of 2.2 in the 1890s to 1.2 in the 1920s (see Table 2 ). Surprisingly, the development of the internal combustion engine and the growth of bus and car use did not stop the decline in income elasticity. After the Second World War, land transport became a "necessity", as it was an essential part of everyday life.
It is surprising that the introduction of cars, allowing for personal freedom of travel and privacy, did not raise income elasticity. Nevertheless, without the introduction of cars, income elasticity of travel demand would probably have fallen further, implying a substantially less mobile economy and society. In other words, the technological and energy transition associated with the internal combustion engine and particularly the car, which offered a different travelling experience, probably slowed the decline in income elasticities.
This hypothesis (that energy and technological transitions can delay the decline in income elasticities) is supported for air travel. When the same regressions were run using total (land and air) passenger transport, income elasticity stayed around 1.2 between the 1920s and 1980s (see Table 2 and Figure 5 ). Nevertheless, looking in a little more details indicates that income elasticities for total passenger transport started to decline from the mid-1960s, but only reached unity at the beginning of the twenty-first century. For land passenger transport, an income elasticity of 1 was reached in the 1940s. Thus, it appears that the introduction of air travel delayed the decline in passenger transport income elasticity by roughly sixty years.
Interestingly, air travel had far less influence over price elasticities. It very slightly reduced consumer sensitivity to prices. This may be because consumers are more driven by their rising incomes. More probably, however, it simply reflects the price variable used. This was an average of land passenger transport, and does not incorporate the declining price of air travel between 1950 and 2010, for which data was not found.
Returning to the long run trends, the general decline in land transport price elasticities was more gradual than for income (see Table 2 ). In the 1870s, price elasticity was -1.5, implying that a 10% decrease in transport prices would lead to a 15% rise in passenger travel (during the 1850s and 1860s, only a few of the price elasticity estimates were significant). This fell close to -1 by 1890, falling to -0.9 during the 1920s and to -0.7 for most of the second-half of the twentieth century. Between 2000 and 2010, price elasticity stood at -0.6. This indicates that, over the last 60 years (and throughout the major shift to cars, the dependence on oil for transport and the Oil Shocks), a surprisingly stable relationship has existed between transport (and indirectly petrol) prices and consumption.
Separating price elasticity into its two components can help a little to understand the decline.
The income effects appear to have fallen -travel expenditure relative to GDP fell from more than 8% in the 1920s down to 2% at the end of the twentieth century (Fouquet 20008 p.271 ).
So, changes in prices would have had a much greater effect on consumer purchasing power at the beginning of the twentieth century than at the beginning of the twenty-first century. Given the difficulty of identifying clear substitutes for transportation, it is hard to assess whether the substitution effect changed over the last 150 years. It is possible that communication technologies could have acted as a substitute for certain transport needs. However, the telephone, for instance, was very slow to diffuse in the United Kingdom -although introduced in 1881, only 21% of households had telephones by 1965; this increased to 77% in 1983 (Bowden and Offer 1994 p.744) . One might propose that, during the twentieth century, while income effects were falling, the substitution potential was increasing. Thus, the considerable changes in income effects and possibly substitution effects over the last 80 years may have cancelled each other out (to a certain extent), implying that there was only a modest decline in price elasticities.
Transport demand price elasticities are also of interest for identifying possible rebound effects. Energy efficiency improvements associated with cars effectively reduced the marginal cost of travel. Although this was not very relevant for the nineteenth century, since the fuel costs were a small proportion of the price of rail transport, it has been more important in the second-half of the twentieth century or the twenty-first century. The study suggests that, despite the Oil Shocks and major changes in car technology, consumers today may still be increasing their travel by 6% for a 10% increase in fuel efficiency, implying only a 4% energy saving. That is, this study proposes that there is a substantial rebound effect associated with aggregate transport demand. 
